Abstract: The purpose of this study was to evaluate the dental arch relationship of non-syndromic Malay unilateral cleft lip and palate children and assess the various congenital and postnatal treatment factors that affect dental arch relationship. Study models of 107 UCLP children were included in this study that was treated in Hospital Universiti Sains Malaysia over a period of 10 years (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). The mean age was 7.69± 2.46 (mean± SD). The dental arch relationship was assessed by mHB scoring system which comprises five categories; namedexcellent; good; fair; poor and very poor. All the subjects were divided into two groups; favorable (category ratings excellent, good and fair) and unfavorable (category ratings poor and very poor) groups. The mean mHB score was -10.7. Total 60 subjects (68% of all subjects) were categorized into unfavourable group (category ratings poor and very poor) using mHB scoring system. Intra-and inter-examiner agreements were very good. Cheiloplasty seemed to be correlated with favourable dental arch relationship using crude regression analysis but no significant associations were found. This multivariate study shows no significant association between various congenital and postnatal treatment factors and dental arch relationship.
In children with cleft lip and palate, abnormalities in number, size, shape and timing of tooth formation are more frequent than in the general population 7) . Orthodontic anomalies such as crowding, rotation and malposition of the teeth are also common in cleft lip and palate patients 8, 9) . Major problems in patients with cleft lip and palate is maxillary growth retardation and high incidence of Class III malocclusion 10, 11) . Maxillary growth retardation is caused by postnatal treatment factors (cheiloplasty or palatoplasty) and/or congenital factors (type of UCLP, side, family history of cleft and class III malocclusion). A lack of consideration of these factors affecting the outcome of treatment
Introduction
Orofacial clefts involved cleft lip, cleft lip and palate and cleft palate alone are comprised of a range of anomalies affecting the lip and the oral cavity which is one of the most common congenital anomaly among children. The etiology is multifactorial in nature with both genetic and environmental factors contributing to its presence 1, 2) . Cleft lip and palate is a congenital anomaly that affects approximately 1.3 of every 1000 live births in the Asian population. Among Asians, the rate is 1.41 per 1000 live births in Japanese (non-syndromic clefts), 1.21 per 1000 live births in Chinese (nonsyndromic clefts) and 1.25 in the other Asian populations 3) . In
Malaysia, cleft lip and palate is the second most birth anomalies in children with cleft lip and palate has led to great diversity in protocols and surgical techniques by various cleft groups worldwide [11] [12] [13] .
Facial growth is one of the key areas of interest for the quality of cleft treatment outcome. Dental arch relationships are the important parameters for facial growth assessment and become an important indicator for the quality of cleft lip palate outcome 14) . Good facial growth may result in favorable dental arch relationship that can be treated conventionally, thereby avoiding surgical correction of the skeletal bones and thus providing optimal results in terms of facial appearance 14, 15) . Several methods have been proposed to evaluate dental arch relationships in patients with cleft lip and palate, some by measuring length and width of dental arches [16] [17] [18] others by using the crossbite as a key point in the malocclusion 19, 20) . Modified Huddart and Bodenham (mHB)
Scoring System has been used in this study to measure the maxillary arch constriction in the cleft lip palate children in Kelantan, Malaysia.
Based on literature survey, only two studies have been done regarding dental arch relationship of Malay UCLP children using GOSLON Yardstick 21, 22) . Still now no study had been done using mHB scoring system. However, association between various congenital and postnatal treatment factors and dental arch relationship were yet to determine 23) .
We have, therefore, given attention to evaluating the treatment outcomes of Malay UCLP patients based on both congenital and postnatal treatment factors using the mHB. Based on this, the prime objectives of this study were to evaluate the associations between congenital and postnatal treatment factors with favorable and unfavorable dental arch relationships and to explore the responsible factors for favorable and unfavorable dental arch relationships using crude and stepwise backward logistic regression analysis. alveolus and isolated cleft palate) subjects were selected from the record archive. Of these, 186 subjects were non-syndromic UCLP.
Materials and Methods

This
All UCLP subjects have been assigned a unique numbers. To avoid any selection bias, a computer software program (random number generator) randomly select numbers that have been assigned uniquely to each subject of the UCLP population for sampling. Finally, following the strict inclusion and exclusion criteria, a total of 107 patients with non-syndromic UCLP were included in this retrospective study.
The inclusion criteria of our study were -1. Non syndromic UCLP children. 6. No presurgical treatment had been received. Among the 107 subjects, 63 subjects were male and 44 subjects were female. Seventy subjects had left sided UCLP. Ninety-one subjects had complete UCLP. There were 92 subjects had hypodontia (missing lateral incisor) ( Table 1 ). All subjects had undergone cheiloplasty at the average age of 5 months. In 66 subjects, Millard technique for lip closure had been performed and in 41 subjects, modified Milliard technique had been performed ( Table 1 ). All subjects underwent palatoplasty at the average age of 12-18 months. Thirty-eight subjects underwent
Bardach technique of palatoplasty and 69 subjects underwent VonLangenbeck technique and V-Y pushback technique of palatoplasty (Table 1) .
Assessment
All the 107 sets of dental models (upper and lower) were numbered blindly and assessed using mHB [24] [25] [26] scoring system at Universiti Sains Malaysia. To evaluate the dental arch relationship and the intra-and inter-examiner agreements, dental models were rated twice with two weeks' interval by two calibrated examiners: one with more than 10 years of experience as an orthodontist and one post graduate student of oral and maxillofacial surgery unit. Each set of model was given a total of four individual scores over two sessions. The average score of two examiners was chosen for the analysis. mHB system is a customized edition of Huddart/ Bodenham scoring system 27) . In mHB index, to assess the dental arch relationship, all teeth from 1 st permanent molar forward are required to score. Therefore, premolars are scored as primary molars in a same way. In the case of unerupted or missing teeth, the score is given by determination of the midpoint of the maxillary alveolar ridge at the position of the missing tooth. A cumulative score results from 8 categorical assessments in the primary dentition (2 deciduous central incisors, 2 deciduous canines and 4 deciduous molars) and 10 in the mixed or permanent dentitions (2 central incisors, 2 canines, 4 premolars and 2 molars) 26) . If the total arch constriction score is more negative, it indicates that the maxillary arch constriction is more severe. A score of 0 to +2
indicates an excellent, -1 to -5 indicates a good, -6 to -10 indicates fair, -11 to -16 indicates poor and a score of -17 to -22 indicates a very poor dental arch relationship 28) . Other studies shows a score indicates poor to very poor dental arch relationship 25, 29) . Based on these, in this study, a score of >0 indicates an excellent, < -1 indicates a good, < -5 indicates fair, < -10 indicates poor and a score of < -16 indicates a very poor dental arch relationship.
Furthermore, the subjects were divided into two groups: favorable (category ratings excellent, good and fair) and unfavorable (category ratings poor and very poor) for dental arch relationship. This grouping was used because patients in the favorable groups could be treated with conventional orthodontics, whereas patients in the unfavorable groups sometimes required surgical correction.
Statistical analysis
The intra-and inter-examiner agreements were analyzed with the kappa statistics. According to Altman 30) the kappa values of the intra-and inter-examiner agreements were interpreted. Various factors with favorable and unfavorable outcomes were evaluated by Chi square test. Logistic regression analysis was performed using the dichotomous dependent variable, favorable and unfavorable groups. Both crude and backward stepwise logistic regression analyses were done to explore the unfavorable dental arch relationship in UCLP patients. These analyses were carried out using the statistical package SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA). Significance level was set at p <0.05.
Results
Intra-and inter-examiner agreements
The intra-and inter-examiner agreements showed very good agreements (Table 2) . Table 3 shows distribution of score with standard deviation of incisors, cleft side buccal segment, noncleft side buccal segment and total mHB score. The total mean score of mHB was -10.7
Score distribution
Categorization and grouping of favorable and unfavorable dental arch relationship
The results of the distribution of favorable and unfavorable showed that 65 (60.7%) of the sample was presented with unfavorable dental arch relationship and only 42 (39.3%) was presented with favorable dental arch relationship. (Dental arch relationship; score of >-10 = Favorable group and <-10 = Unfavorable group).
Comparison of factors between favorable and unfavorable groups
The results of the distribution of the different congenital and postnatal treatment factors into the favorable and unfavorable groups for dental arch relationship are summarized in Table 4 . An odds ratio greater than 1 indicates that the respective independent factor associates with unfavorable dental arch relationship, and less than 1 indicates that the respective independent factor associates with favorable dental arch relationship. Table 5 showed no significant association was found between individual factors and dental arch relationship. Table 6 demonstrated that cheiloplasty (p value 0.07) had influence on favorable dental arch relationship but no significant association was found.
Crude logistic regression analysis
Stepwise logistic regression analysis
Discussion
In this study, we analyzed 107 non-syndromic unilateral cleft lip and palate (UCLP) samples. The sample distributions in our study showed that there were more males (58.9%) than females (41.1%) who were affected by cleft lip and palate. This result is consistent with the worldwide reported incidence which concludes that cleft lip and palate were known to be common in males [30] [31] [32] [33] [34] [35] .
This finding indicates that the male embryos were having a higher interaction between gene and environment 36) . Left sided clefts were seen more in this sample and the distribution of the occurrences of left sided cleft is 65%. This result is consistent with the previous local study on cleft patients in Kelantan where the researchers found that the left sided cleft was more predominant in their subjects 6, 21) . Other studies also reported that the left side involvements in UCLP cases were found to be of higher prevalence than the right side 21, 34) . However, the etiology of this phenomenon is still unsure. In this study, complete UCLP is a precise factor which resulted in unfavorable dental arch relationship which is quite similar with another study done in Bangladeshi population 37) .
However, it was speculated that this factor has an association with other independent variable such as palatoplasty (Von Langenbeck technique and V-Y pushback technique), which may contribute more towards unfavorable dental arch relationship due to; denudation of palatal bone and excessive scar tissue formation at that area. Although this variable did not remain as a precise factor in the stepwise regression analysis using mHB scoring system but it's odd ratio value was relatively close to 1 suggestive of slightly correlated with unfavorable dental arch relationship even though the association was not significant.
It is interesting to note that patients who were lip repaired with Millard technique had favorable dental arch relationship. This is still a controversial issue in the literatures whether the surgically repaired lip could restrain the maxillary growth even though some of the studies showed evidences that there are disturbances in maxillary growth after lip repaired in cleft lip and palate patients.
Huang et al 38) found that cheiloplasty by Millard could exert continuous pressure onto the anterior portion of the maxillary dental arch which results in the decrease of the width of the clefted anterior maxillary dental arch by the growth effect of the anterior maxillary arch segments as well as bone-bending effect of the anterior maxillary arch. However, the exact mechanisms on how the cheiloplasty influence the maxillary growth are still unclear. 39) . The favorable outcome of the lip surgery heavily relies on the surgeons' experiences and expertise. Millard technique mastered by experienced surgeon will offer a better outcome with this technique. Until today, there is no consensus on which surgical technique is the best in view of the outcome of surgery either for lip repair or for palate repair. The differences of the severity among cases, the aim of the surgery, the surgeons experience, expertise and preferences may affect the outcome of the surgery as well 40, 41) .
The novel features of this study are -1. Treatment outcome using mHB scoring in Malaysian
Malay UCLP population has been established. 2. Based on different phenotype and post-natal treatment factors using regression analysis no significant associations were revealed.
These findings using multivariate analysis were obtained from UCLP patients at Universiti Sains Malaysia. It is unknown whether similar findings might be obtained from other UCLP patients using mHB scoring. It might be useful to carry out this multivariate analysis in study populations from other institutions.
The present study shows that: (1) In UCLP subjects at Universiti Sains Malaysia, the mean score of the mHB scoring system was -10.7.
(2) This study provided evidence that there was no significant association found with dental arch relationship using crude and stepwise logistic regression analysis (judged by the mHB scoring system). 
